Microwave power is a factor greatly influencing the rate of microwave heating. If a high value of power is applied, a high rate of temperature elevation in the heated body can be expected.
The dependence between the microwave power applied in heating and the increase of temperature can be described by the equation:
( 1) where: ∆T -the increase of the mean temperature of the heated body (K) P -microwave power used for heating (W) V, c p , ρ -volume, heat capacity, density (m 3 , J/kg.K, kg/m 3 ) t -time of heating (s)
The manufacturers of microwave ovens give the value of the power output together with the microwave frequency and the volume and dimensions of the oven cavity as the characteristics of an oven. The rated power output of the contemporary microwave ovens for household is in the range of 600 and 1000 W.
The calibration procedures based on calorimetric methods are used to obtain the value of the power output for microwave oven labelling. In Europe from 1990 year, there is a tendency to apply the procedure according to International standard IEC 705 (1988) . In this methodology, 1 l cold (10 ± 2°C) potable water is heated in glass container of certain parameters and the time of 10 ± 2°C elevation of water temperature is measured. The microwave power absorbed in the water during the heating and used for its temperature elevation is calculated using Equation (1) adapted to the measurement conditions as (1a) The microwave power is a parameter greatly influencing the rate of heating. Several authors reported on certain differences between the rated power output as a parameter used by oven manufacturers in the labelling of ovens, and the power actually delivered to the heated product. A review of the respective information is given in this article together with the results of own experiments following the influence of the oven type and the heated substance parameters on the power actually absorbed in the substance volume during its heating. As the heated substance, water and solutions of NaCl and sucrose of different concentrations were used. For the heating, four types of domestic microwave ovens and glass and plastic containers, were used. The decreasing of the efficiency of heating with the decreasing volume of the heated substance and a certain relation between the rate of this decrease and the types of oven and of substance was estimated. With the small cavity ovens, a lower rate of the decrease of the absorbed microwave power with the decreasing volume of the substance was found as compared to the large cavity oven. A certain influence of other technical oven parameters is shown in the comparison of the tests results with the ovens of the same rated power and the cavity volume. In addition to the substance volume, also its dielectric properties probably influence the microwave power absorbed in small samples during the heating. No simple dependence can be seen on the basis of the tests results between the type of container used in the tests and the power absorbed in the heated substance.
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Another recommendation for the estimation of the microwave oven power output gives IMPI standard designed in U.S. and used by many microwave oven manufacturers there. In this procedure, 2 l water at room temperature (20 ± 2°C) are heated in two glass beakers and the increase of water temperature during 2 min of heating is checked (BUFFLER 1992) .
It was estimated, that the parameters of power testingnamely the amount of the heated water and its temperature -influence the results of testing, e.g. the value of the microwave power (BUFFLER 1992; GRŰNEBERG 1994) . For example, because of the lower temperature of water before heating, IEC procedure gives a higher value of the power output then IMPI (1992) procedure for the same oven.
The value of the experimentally estimated power output is used for the labelling of microwave oven (rated power output) and can be used for the comparison of the performance of different microwave ovens. However, as follows from the experiments of some authors, this value does not enable to decide, how long a certain food product should be heated to obtain a certain temperature rise in the oven. Only part of the rated microwave power output, estimated at the heating of 1 or 2 l water load will be actually delivered to the food product of certain volume, geometry and physical properties and will be used for the elevation of its temperature.
The susceptibility of a food load to heating in a certain microwave oven depends on many factors probably connected both with the load parameter and the oven characteristics.
The value of the microwave power absorbed in the unit volume of the heated load (P v ) is described theoretically according to BUFFLER (1992) by Equation (2) (2) where: P v -power absorbed in the unit volume of the load (W/m 3 ) f -microwave frequency (Hz) ε 0 -permitivity of free space (F/m) ε´´-dielectric loss factor of the load -relative value (1) E -strength of the electric field inside of the load (V/m)
Except of the fixed parameters of microwave frequency (2450 MHz) and free space permitivity (10 -9 /36π F/m), the remaining parameters in the equation are related both to the load (ε´´) and to the oven and the load (E).
The use of Equation (2) for the prediction of the absorbed power is problematic because of the parameter E. The prediction of the electric field distribution inside the load (local value of E) is extremely difficult because of the complexity of the interaction between the load parameters and the oven characteristics.
BUFFLER (1992) discussed all parameters possibly influencing the susceptibility of a certain load be heating in a certain microwave oven. According to him, the parameters with the greatest influence are magnetron (design) and the dimensions (volume) of the cavity as the parameters of the oven, and the volume and dielectric properties as the parameters of the heated load. The parameters that probably influence the microwave power absorbed in the heated load are the temperature of the load (influence on the dielectric properties), the geometry of the load (no known relationships to this time), the parameters of the package or container used in the heating of the load (temperature, heat capacity), the position of the load in the cavity (particular influence in the case of small loads), the cavity walls material (electric conductivity) and the feeding system (no known relationships).
According to BUFFLER (1992) , the volume of the food load (or its volume with respect to the size of the oven cavity) has probably the largest effect of all food -related parameters.
Empirical relationship (3) was proposed by MUDGETT (1989) for the description of the dependence between the load volume and the power absorbed in the load (3) where: P a -power absorbed in the load of V volume (W)
According to this relationship, the "coupling" of microwave power in the heated load decreases with the decrease of its volume. The rate of this decrease seems to be oven-specific, according to the experiments of several authors (SELLMAN 1991; BOWS 1990; BUFFLER 1992; RIWA et al. 1993; GRŰNEBERG 1994; PERSCH & SCHU-BERT 1995) .
The ratio r, defined as the power absorbed by 500 ml water to that absorbed by 1000 ml water, was proposed by BUFFLER (1992) as an indicator showing the oven power output falls with the load volume. According to him, a typical oven has r > 0.8.
The influence of the type of oven together with physical parameters of the heated loads on the absorbed microwave power was followed by GRŰNEBERG (1994) . According to him, the ability of oven to heat the load of a certain volume is oven-specific. The volumetric coupling coefficient k from Equation (3) depends not only on the ratio between the cavity and the load dimensions, but also on some other oven characteristics (without specification). Also, the dielectric properties of the heated substance play a certain role in the relation between the absorbed power and the substance volume. Using Mie theory (MIE 1908 ), GRŰNEBERG (1994 formulated for this purpose a specific parameter, so called "absorption cross section" of substance, but a rather complicated calculation is needed for its estimation.
In the following text, the results are presented of our experiments following the ability of four household microwave ovens to heat different amounts of water and two water solutions. The influence of the type of container used in heating on the microwave power absorbed in the fluid during the heating is also discussed.
MATERIAL AND METHODS

Microwave ovens
Following microwave ovens were used in the experiments:
Moulinex, type FM 1515 E, rated power output 650 W, cavity dimensions 290 × 175 × 290 mm, cavity usable volume 14.7 l, removable glass shelf on the cavity bottom, feeding of the cavity from the top.
Moulinex, type FM 2915Q, rated power output 850 W, cavity dimensions 330 × 210 × 343 mm, usable cavity volume 23.8 l, removable glass shelf on the cavity bottom, feeding of the cavity from the top.
Samsung, type RE 576D, rated power output 650 W, cavity dimensions 300 × 190 × 290 mm, usable cavity volume 16.5 l, glass turntable, feeding of the cavity from the top.
Whirlpool, type AVM 900/WH, rated power output 900 W, cavity dimensions 350 × 228 × 343 mm, cavity volume 27.3 l, glass turntable, feeding of the cavity from the right wall (two places).
Heated substances (type and volume)
Potable water, volumes of 1200, 1000, 800, 600, 500, 300, 250 and 150 ml.
NaCl solution, concentrations of 2, 4 and 6% (20, 40 and 60 g NaCl in 1 l of solution), volumes of 1000, 500, 250 and 150 ml.
Sucrose solutions, concentration of 10 and 30% (100 and 300 g sucrose in 1 l of solution), volumes of 1000, 500, 250 and 150 ml.
Containers used for fluid heating
Glass vessel (SIMAX), round shape, inner diameter of 185 mm, height 78 mm, wall thickness 2 mm.
Glass beakers (SIMAX), cylindrical shape, rated volumes of 1000, 600, 500, 250, 150 mm.
Plastic trays (polypropylene PP) round and angular shape.
Dimensions of glass beakers and plastic trays are given in Table 1 .
Measuring devices
Therm, type 2230-11 (AMR, Germany) with PT 100 probe was used for temperature measuring.
Digital watch DS 35 (Pragotron, CR) was used for time measuring.
Heating procedure
In the glass vessel, the heating of water of 1200, 1000, 800 and 600 ml volumes and the heating of solutions of both 1000 and 500 ml volumes was performed.
For the heating of smaller volumes of water and solutions, glass beakers were used.
For the heating of 350 ml water, plastic trays were used. For the heating of 250 ml water, four types of glass beakers were used. In the heating process, full power was adjusted on all microwave ovens. The respective glass vessel (beaker, tray) was put in the centre of the glass shelf (turntable) before heating.
In all measurements, the procedure according to IEC 705 standard was applied for the absorbed power estimation. The heating started at the water (solution) temperature 10 ± 2°C. The time for the temperature of water (solution) elevation of 10 ± 2°C was measured. Before each temperature measurement, the water (solutions) was thoroughly stirred.
The microwave power absorbed in the fluid during its heating was calculated using Equation (1a).
For each parameter (oven, fluid, volume, container) the heating procedure was repeated 6 times and the mean value of the absorbed power and the standard deviation were calculated. A 30-min break was held between the individual measurements to avoid an excessive heating of the oven cavity.
RESULTS AND DISCUSSION
The decrease of the microwave power absorbed in the heated substance was found to be related to the decrease of its volume in all experiments in which the dependence between the load volume and the absorbed microwave power was followed.
The measurements carried out on four types of microwave ovens differing in the rated and calibrated power output, cavity dimensions, placement of feeding input and cavity walls material confirmed that the ability of microwave oven to heat a small amount of a certain substance differs from oven to oven.
In Fig. 1 , the relation is shown between the decrease of the relative value of the absorbed power (P a /P max ) and the decrease of the water volume for all four ovens tested (P max is the value of power found in heating of 1000 ml water).
Note: in this and other figures, the mean value of the power from six determinations for each test conditions is used. The exponential relationship proposed by Mudgett -with the volumetric coupling coefficient k as a part of the exponent -was used in the correlation (the least squares method was used). The values of k coefficient are given in the figure for individual curves. According to these results, the efficiency of heating of small amounts of water (smaller than 600 ml) was better in the small cavity ovens (Moulinex 650 W, Samsung 650 W) in comparison to the large-cavity ovens (Whirlpool 900 W, Moulinex 850 W). material. According to BUFFLER (1992) , the ovens with stainless-steel walls (in this case Whirlpool) have probably a better heating efficiency. In the following two figures (Figs 2 and 3) , the results are presented and compared of the experiments following the heating of different amounts of different fluids.
In all these tests, a microwave oven Moulinex 850 W and a glass vessel or glass beakers were used.
In Fig. 2 , the rate of the relative value of the absorbed microwave power decreasing with the decrease of the heated sample volume is compared for the heating of water and NaCl solutions of 2, 4 and 6% concentrations. In heating in the oven with the rated power of 850 W, the mean value of power absorbed in 1 l was 882.4 W, 902.2 W, 890.5 W and 883.5 W for water, 2% NaCl solution, 4% NaCl solution, and 6% NaCl solution, respectively. With respect to the standard deviations value (about ± 2% of the relevant power value), these values can be considered practically as identical.
The comparison of the volumetric k coefficient values revealed small differences between the results with water and NaCl solutions heating: the value of k coefficient is about 12 for the water heating and about 10.8 for NaCl solutions heating. The influence of NaCl concentration in the solution on the value of k is small in the applied range of concentrations as follow from the results.
According to GRŰNEBERG (1994) , the difference in the ability to absorb the microwave energy between small amounts of pure water and NaCl solutions can be explained by the differences in the dielectric properties. With the increasing concentration of NaCl solution, the dielectric losses (ε´´) increase (affect the surface heating) and the dielectric constants (ε´) decrease (affect the decrease in the energy dissipation). Depending on the concentration of the solution, the heating of small amounts of solutions can be the same (low concentrated solutions) or worse (high concentrated solutions, i.e. 10% and above) in comparison to the water heating.
The applied range of concentration in our experiments can be used for the explanation of relative small differences in the susceptibility of the tested samples of NaCl solutions to heating in the microwave oven.
The dependence between the volume of the heated sample and the absorbed microwave power for the heating of water and sucrose solutions of two concentrations (10 and 30%) is presented in the Fig. 3 .
Evident in this figure is namely the difference between the curve for 30% sucrose solution heating and two other curves (water and 10% sucrose solution). Values of the volumetric coefficient k: about 12 for water and 14 for 30% sucrose solution, respectively.
Also in this case, the differences in the dielectric properties of the heated substances can be used for the explanation of the results. Compared to water, the sucrose solution has a lower value of the dielectric constant ε( about 59 for 30% sucrose solution and 76 for water, respectively -GRŰNEBERG 1994) and a higher value of the loss factor ε´´ (25 for 30% solution and 14 for water, respectively) which affects the lower energy dissipation in sucrose samples and the surface heating. The susceptibility of a concentrated sucrose solution to heating by microwaves will be lower compared to the water sample. According to these tests, the microwave power absorbed in 1 l of water during the heating in the oven of the rated power output 850 W, was 882.4 W, and 822.3 W, respectively, in the case of 1 l 30% sucrose solution.
The standard deviations calculated for the estimation of the measurement accuracy for every mean power value were in most cases of tests about ± 2% of the appropriate mean value of power. In the worst cases (heating of very small amounts of substances), the standard deviations rose to ± 5% of the relevant mean value of power.
In Figs In Fig. 4 , the values of the absorbed power (mean values and power deviations in the replicate tests) in 350 ml of water heated in five types of plastics trays are compared. As can be seen, the geometry of the container had only a small influence on the amount of the power absorbed in heated water. The difference between the highest (tray T 3) and the lowest (tray T 2) mean values of the absorbed power represents only 3% of the highest value, which is the range of the measurement accuracy.
In Fig. 5 , the absorbed power in 250 ml of water heated in four glass beakers of different dimensions is compared. (Except of the mean values also the maximum and minimum values of power in 6 replicate tests are given in the figure.) Also in this case, no simple dependence between the container dimensions and the microwave energy can be derived. The difference between the highest and the lowest mean values of power represents about 4% of the higher value. The same conclusion was found by GRŰNEBERG (1994).
Conclusions
1. The rated power output is a parameter used by microwave oven manufacturers in the labelling of ovens. International standard IEC 705 offers the parameters of the experimental procedure to obtain this parameter. This procedure has to be used in the power re-calibration. 2. A difference can exist between the rated power output and the power actually absorbed during the microwave heating in the heated substance of certain parameters. Namely in the heating of small amounts of a substance, the volume absorption and therefore the efficiency of heating can be smaller compared to the heating of 1 l water as estimated according to the IEC standard.
3. The efficiency of small-volume-heating is oven-specific which complicates the prediction of the course of heating (time for the heating of certain product) in certain ovens.
4. Apart from the volume, the dielectric properties of the heated substances also influence the amount of the microwave power absorbed in the substance during its heating. In this paper, the efficiencies of the heating of water, NaCl solutions and 10 and 30% sucrose solutions are compared. The efficiency of low concentrated NaCl solutions (2, 4 and 6%) was comparable to that of the water heating, the sensitivity to the heated volume decrease was the same or a little higher. In the case of 30% sucrose solution heating, the efficiency of heating was lower compared to that of the water heating but the sensitivity to the decrease of the heated amount of solution was lower. Experiments with other fluids will be useful.
No simple dependence between the container geometry and the power absorbed in the heated substance can be derived from the tests results. Further experiments will be needed. 
